Ultrafine powder and thin films of lead lanthanum titanate (PLT) were prepared by the sol-gel process. The structural variation of the powder with increasing annealing temperature was monitored by differential thermal analysis, thermogravimetric analysis and x-ray diffraction. The lowest temperature for the formation of nanocrystals in the powder was found to be about 500°C. Crystallites of various sizes were obtained by controlling the annealing temperature and time. Thin films of PLT were fabricated by spin casting the sol-gel solution onto Si(l11) substrates and the microstructure was analyzed using a scanning electron microscope. By controlling the concentration of the precursor and the processing temperature, PLT thin films with uniform crystallite size could be prepared.
Introduction
Lead titanate (PbTiO, or PT) is a perovskite-type ferroelectric ceramic with a Curie temperature (T,) of 49OoC. It is a good candidate for pyroelectric infiared detector applications as it has large pyroelectric coefficient and relatively low dielectric permittivity. However, poling of bulk PbTi03 requires a high electric field because of its high T, and the large tetragonal distortion [ 11. After dopmg with lanthanum (La), the permittivity of the resulting lead lanthanum titanate (PLT) increases while T, and the tetragonality decrease with increasing La content.
[2] The coercive field required to polarize the ceramic also drops and a pyroelectric coefficient larger than that of PT is observed. [S] The present authors are interested in producing nanocrystalline PLT powder since it is planned to incorporate them into a pyroelectric vinylidene fluorideitrifluoroethylene copolymer (P(VDF-TrFE)) matrix to form nano-composites. In this study, PLTlO powder and thin films were prepared by the sol-gel process. The structural variation of the powder with annealing temperature was studied by differential thermal analysis (DTA), thermogravimetric analysis (TGA) and x-ray difiaction (XRD). From the XRD data, the lowest temperature for the formation of PLTlO nanocrystallites was found and the crystallite size was evaluated using the Scherrer's equation. The activation energy required for the conversion of amorphous phase into nanocrystalline phase was calculated from the DTA results. By controlling the concentration of the precursor, the spinning speed and spinning time, homogeneous PLTlO thin films were produced. (111) and (200) x-ray diffraction peaks using the Scherrer's equation [9]
where D is the crystallite diameter, h is the wavelength, 8 is the difiaction angle, B is the FWKM of a diffraction peak and K is Scherrer's constant (= 0.89). By comparison with the diffraction peaks of a standard material, Si, the width due to the instrument can be evaluated and the true width arising from finite crystallite size can be obtained. The crystallite size is given as a function of annealing temperature in Table 2 . The SEM micrographs of PLTlO thin films (Fig. 4) show that the film is homogeneous and crack-free. It contains nanocrystalline particles of diameter 50 to 80 nm. Fig. 5 shows the cross section of a five-layer film deposited on silicon, it can be seen that the film thickness is about 1.2 pm. Research on the growth of orientated thin films and pyroelectric property measurements are in progress. PLTlO ultrafiie powder and thin films have been prepared by the sol-gel process. The lowest annealing temperature for the formation of nanocrystals in the powder is 500°C. The average crystallite size is below 25 nm when the annealing temperature is below 600'C. The activation energy of crystallization determined from DTA is 39.6 Kcdmol. SEM results show that PLTlO thin films annealed at 600°C for Ih are homogeneous and crack-free.
